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Spermatogenesis and Nutrition

BY ARTHUR WALTON, School of Agriculture, Cambridge
Before one can appreciate the significance of experimental data on the effects of nutrition on separate organs of the body it is necessary to have a clear perspective of the metabolic processes involved and of their magnitude in relation to the general economy of the body as a whole. This is perhaps more necessary with the testis than with other organs, because, for psychological reasons, this organ may be accorded an importance in the mind of man far in excess of its actual physiological significance. In addition, one should have an understanding of the methods used in measurement of sperm production and testis activity and know how these measurements are related to the physiological functions which they are supposed to assess. In this paper I deal primarily with these aspects and not with the experimental or clinical data, because I think that they are fundamental and often neglected.
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The testis is a relatively small organ. Between species there is considerable variation in the ratio of testis weight to mature body-weight. The following figures are very approximate: ram I : 180; boar, I : 250; bull I : 2500; stallion I : 3000. The smaller animals have relatively larger testes, but the relationship is not constant. For example, the ram has relatively larger testes than animals of about the same size.
The secretory output of the gland is also relatively small compared with, say, the output of the salivary glands, gastric and intestinal mucosas, sweat glands and active mammary glands. The individual variation in output is very great and depends almost entirely upon the opportunity for coitus, masturbation, or spontaneous emissions, and a reliable figure for total sexual output is extremely difficult to obtain. In man, Kinsey, Pomeroy & Martin (1948) found a mean of 2.74 orgasms per week for males between adolescence and 85 years, but the variation was from nought to twenty-nine. As the average volume of the ejaculate is 4ml. for emissions of moderate frequency, and perhaps about 2 rnl. for very frequent emissions, this makes a total weekly output of on the average 10 ml. and for the extreme cases 60 ml. Of this total ejaculate only a small fraction, about one-tenth, comes from the testes. The bulk of the fluid comes from the accessory glands. Figures for animals are difficult to calculate. A bull in my laboratory performed eight ejaculations in 63 min., and produced a total of 29 ml. of semen of which about 6 ml. came from the testes. This performance could not be kept up. Sexual libido falls rapidly with frequent coitus, and the bull towards the end of the experiment showed diminished libido. Kirillov (1935), with four matings a day for 7 weeks, obtained 43-4 ml./week. The average volume fell from a normal ejaculation of about 4 ml. to 1.55 ml. and libido diminished, so it is probable that maximum output was obtained by this method. The output of secretion from the testes in this experiment would be about 8 ml./week.
Higher outputs might be obtained with natural matings and with animals kept under optimum conditions of management, but it seems unlikely that sperm production from the testis would exceed 10 ml./week. These experimental rates greatly exceed the normal output of bulls at artificial insemination centres, where six ejaculations per week is a high figure and the total weekly output from the testes must be in the region of 3 ml. With small animals, the output in relation to body size is considerably greater. With the rabbit Edwards (1939) collected six ejaculates per week over a long period. The average volume was 2.4 ml., making a total weekly output of 14.4 ml. of which about 0.7 ml. would come from the testes.
The output has been discussed in terms of volume. Since, however, about 90 yo of semen consists of water, the total weekly output of dry matter and of its chemical components is to be measured not even in grams, but in milligrams.
The greatest nutritional demand for sexual activity comes from the requirements of the accessory glands, and in animals which secrete large volumes of accessory fluid this might be appreciable. According to Davidson (1948) a boar may exceptionally serve a sow nearly every day for about I month. The volume of semen produced at each service in the boar varies with the number of ejaculations. If it is assumed that a boar used frequently produces an ejaculate of 150 ml., and that five services a week is the allowance, a total weekly output of 750 ml. will be obtained. As far .as the testis is available at https:/www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19490010
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An appreciable increase in calorie requirement may come from the physical exertion of mating, but with animals regularly exercised, this would be a small proportion of the total requirement. In man the effect of the physical exertion of copulation may be exaggerated owing to the intense nervous tensions aroused and the subsequent lassitude. This may be experienced by animals also. There is no evidence that this nervous tension does more than raise temporarily the metabolic rate of the body as a whole.
Although the nutritional requirements, considered in terms of output, are small, output does not give a complete measure of the metabolic activity of the testis. Spermatozoa are continuously produced in the testis whether copulation takes place or not. According to Simeone & Young (1931) the spermatozoa that are not ejaculated are resorbed in the lower part of the vas deferens. According to some authors there may also be a loss through the urethral passage in the urine, though this is denied by Simeone & Young. Measurement of the total metabolic turnover of the testis would therefore have to include not only the ejaculated spermatozoa but also those resorbed. We have no method of measuring the amount resorbed directly, but can arrive at some estimate of its magnitude from the following considerations. As the frequency of ejaculation increases there is a fall in the output of spermatozoa per ejaculate but a rise in the total output per week until a maximum is reached. It seems reasonable to assume that at these higher rates of ejaculations spermatozoa are being removed as rapidly as they are formed, that the storage period is reduced to a minimum, and that few if any spermatozoa are resorbed. At the higher rates of ejaculation from which we have calculated our outputs, the resorption of spermatozoa is therefore likely to be very small. At lower rates of ejaculation, two possibilities arise, either the resorption increases in proportion to the number of non-ejaculated spermatozoa left in the tract, or testis activity is reduced and fewer spermatozoa produced (see Chang, 1945) . In the latter case our estimate of total production, based on frequent ejaculations, will be higher than normal, not less.
The view is often expressed that, although the nutritional demand based upon output is small, the demand is for exceptional substances which may be in short supply in the body. The biological and biochemical evidence, however, does not support this view. The main bulk of the spermatozoon is formed of the head, of which the most important and highly organized fraction is the nucleus. Genetic argument leads to the conclusion that the nucleus contains exactly one-half of the gene complement of the somatic cells throughout the body, and that the genes are not different in chemical composition from those of the somatic tissues. Furthermore, in meiosis, cell division occurs twice, but replication of nuclear material once, so that nuclear synthesis in spermatogenesis is less than in somatic cell divisions. Furthermore, once formed, the nucleus of the spermatid enters a resting condition, and the cell neither grows nor divides. There is no further nuclear synthesis. Biochemical analysis does not reveal the presence of exceptional substances. The data have been recently reviewed by Mann (1949) and need not be quoted in detail. The head of the spermatozoon consists largely of histone or protamine, which are simple proteins, and of ribonucleic available at https:/www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19490010 acid, which is a component of all cell nuclei. Other constituents must be of very small magnitude.
The tail of the spermatozoon is very small in proportion to the head, and is the organ of metabolic activity and locomotion after ejaculation, but it is probably inactive or quiescent in the male tract. The metabolism of the mammalian spermatozoon has been much studied recently (see Mann, 1949) . The respiratory system is complex, comprising a large number of enzymes, coenzymes and intermediary products, but the system as a whole is remarkably similar to that of muscle.
The spermatozoon is a very highly differentiated cell with an elongated form, a complex internal structure, and an equally complex structural surface as revealed by electron microscopy (Bretschneider & van Iterson, 1947 ). If we regard the simple spherical cell with spherical nucleus as the cell form with the least free energy, the formation of a spermatozoon from the spermatid must involve a large decrease of entropy locally, and if the thermodynamic efficiency of the process of biological synthesis is not high there might be a correspondingly large increase in entropy in the system as a whole. One might expect therefore a fairly high metabolic rate to accompany spermatogenesis and spermateleosis, but manometric measurements of testis tissue metabolism do not reveal exceptional differences when compared with those of other tissues (Krebs, 1933) . Moreover, the testis functions normally at a temperature 2-3' below that of the body, so that the metabolic rates may in fact be rather less than that of other tissues.
One ought perhaps to mention here the hormonal function of the testis, i.e. the synthesis of testosterone. The formation of this substance in large quantity might exert a demand on its precursors, but replacement therapy following castration, with testosterone pellets indicates that synthesis is to be measured in mg./day and not in large quantities, T o summarize it may be said that, in terms of output, the testis exerts no special demands upon the general economy of the body and that no exceptional substances are formed. We may expect from this that, provided the animal receives a nutrition adequate to maintain bodily health, the needs of the testes will be adequately met.
